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Abstract: While the seagrass Halophila stipulacea repro-
duces both sexually and asexually in its native range, 
reproduction is largely asexual in its invasive range in the 
Mediterranean and the Caribbean Seas. Here we make the 
first report of fruit-bearing H. stipulacea in the Caribbean. 
Although the lack of reports of H. stipulacea fruit could 
be the consequence of past survey effort, multiple recent 
reports of both flowers and fruit across the invasive range 
strongly suggest that introductions of H. stipulacea in the 
tropical western Atlantic and Caribbean included both 
sexes of this dioecious seagrass. This finding may have 
important implications for the future dispersal, survival, 
and maintenance of the non-native population.
Keywords: Caribbean; Halophila stipulacea; introduced 
species; seagrass; sexual reproduction.
Halophila stipulacea (Forsk.) Ascherson is a small, tropi-
cal, dioecious, euryhaline, subtidal seagrass species. It 
is widely distributed in its native range along the western 
parts of the Indian Ocean, Eastern Africa, Arabian Sea, 
Persian Gulf, and Red Sea (Lipkin 1975a), where it forms 
monospecific and polyspecific meadows (Lipkin 1979, 
Malm 2006). Following the opening of the Suez Canal in 
1867, the first fragments of H. stipulacea were observed in 
Rhodes, Greece in 1894 (Fritsch 1895, Lipkin 1975a). Since 
this first invasion, referred to as “the historical invasion”, 
H. stipulacea has flourished, expanding its range broadly 
throughout the Mediterranean, forming meadows with
native seagrass and algal species. Subsequently, in 2002,
H. stipulacea invaded the Caribbean. It was first reported
on the island of Grenada (Ruiz and  Ballantine 2004),
but rapidly spread west to Bonaire, north to Puerto Rico
and south to Venezuela, spanning a distance of over
700 miles and forming monospecific and/or polyspecific
seagrass meadows at a range of depths and substratum
types (Vera et  al. 2014, Willette et  al. 2014, Ruiz et  al.
2017).
Reproduction in Halophila stipulacea varies greatly in 
its native and introduced ranges. In its native range, the 
flowering season of H. stipulacea begins in May and ends 
in October, producing both staminate (male) and pistil-
late (female) flowers at depths of 2.5–5  m (Malm 2006), 
with a strong bias towards female flowers between July 
and October (Nguyen et al. 2018). Recent discoveries show 
that the flowering season begins later and/or lasts longer 
in the Mediterranean than it does in the Red Sea (Nguyen 
et al. 2018). Reports of sexual reproduction in the western 
Mediterranean show a stronger bias towards male flowers 
(Gambi et  al. 2009) and that flowering can occur much 
deeper (5–25 m; Procaccini et al. 1999, Gambi et al. 2009). 
Only twice have fruits been reported in the Mediterra-
nean (Lipkin 1975a, Gerakaris and Tsiamis  2015). Little is 
known about sexual reproduction of invasive H. stipulacea 
populations in the Caribbean Sea beyond a single report 
of male flowers only in one  locality (Vera et al. 2014).
Given the strong differences in flowering and seed 
production in its native and invasive ranges, it is hypoth-
esized that the spread and expansion rate of Halophila 
stipulacea into the Mediterranean and Caribbean Seas 
have occurred exclusively via asexual reproduction. If 
sexual reproduction is occurring, however, it would have 
a significant impact on our understanding of the poten-
tial for dispersal and the genetic potential of introduced 
populations.
In this study, we surveyed a population of Haloph-
ila stipulacea in the Caribbean to determine whether 
sexual reproduction occurs in this invasive population. 
Specifically, we examined a monospecific H. stipulacea 
meadow in Great Lameshur Bay, St. John, U.S. Virgin 
Islands (18° 19′ 6.6″ N, 64° 43′ 18.48″ W) in April 2017 to 
determine the presence of flowers and fruiting bodies. 
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Surveys consisted of 10 predefined 1.02-m2 removal plots 
at 5–6  m depth on sandy substrata with similar shoot 
density. Individual shoots were closely examined for 
reproductive structures (e.g. flowers and fruits). All 
flowers observed were collected, identified as female 
or male, individually photographed, and voucher 
specimens were frozen and stored at the University of 
 California Los Angeles.
We found four male flowers and 27 fruits on Haloph-
ila stipulacea from three of the 10 experimental plots in 
Great Lameshur Bay, representing the first report of sexual 
reproduction in the Caribbean. As reported by Acker-
man (2007), flowers were solitary, highly-reduced naked 
flowers on short pedicels close to the base of the plant. 
Lipkin (1975b) described H. stipulacea flowers as (1) oval 
in shape, and whitish to greenish towards the apex with 
small black dots; (2) pedicels 1.5 cm in length; (3) trans-
lucent tepals measuring 4.0–5.0  mm in length, 2.5  mm 
in width; (4) anthers bearing three stamens 3.0–5.0  mm 
in length; and (5) borne beneath the sediment. Flowers 
of Caribbean H. stipulacea largely conformed to this 
 description (Figure 1, Table 1).
Although no pistillate flowers were observed, a total 
of 27 developed fruits were recovered, indicating that Car-
ibbean populations of Halophila stipulacea produce both 
male and female flowers. The genus Halophila exhibits 
geocarpy – ripening below the sediment (Ackerman 2007), 
which was consistent with our observations. The density 
of fruits (27 fruits from three 1.02-m2 plots) is higher than 
reports from the native Indian Ocean range (e.g. Gulf of 
Aqaba) where only one flower and several fruits were dis-
covered along two 50-m transects (Hulings and Kirkman 
1982). Size of fruits (Table 1) was comparable to those 
reported for H. stipulacea in the native range (den Hartog 
1970) and Mediterranean Sea (Lipkin 1975c).
Most seagrasses produce flowers that yield fruits 
and seeds during reproductive periods (Kuo and den 
Hartog 2007). Halophila stipulacea, however, produces 
fewer flowers than many other seagrass species, includ-
ing other species of Halophila, and reproduction is pri-
marily vegetative in its native range (den Hartog 1970). 
Because previous studies of H. stipulacea found limited 
evidence of flowering or fruiting in the Mediterranean 
and Caribbean Seas, it had long been assumed that these 
invasive seagrass populations reproduced exclusively 
asexually; the results of this study, however, indicate 
that this is not the case. Sexual reproduction of H. stipu-
lacea in the Caribbean may indicate that environmental 
conditions in the Caribbean are more similar to those in 
the native Indian Ocean range as light and temperature 
influence flower production in H. stipulacea (Procaccini 
et al. 1999). In contrast, fluctuations in sea temperatures 
in the Mediterranean Sea (Martrat et al. 2004, Shaltout 
and Omstedt 2014) may act to control the spread and 
growth of H. stipulacea, potentially limiting the availa-
bility of energy resources required for flowering and fruit 
formation.
The different reproductive ecologies of the two 
invasive Halophila stipulacea populations may impact 
their ability to spread, resulting in different popula-
tion dynamics and underlying genetic architecture. For 
Figure 1: Flower and fruit of Halophila stipulacea from St. John, United States Virgin Islands; (A) male flower showing pedicel (B) a 
developed fruit.
Scale bar: 2 cm.
Table 1: Plant part measures for Halophila stipulacea fruits and 
male flowers from 10 1.02-m2 plots.
Count Average length (mm) SE Range
Fruits 27 4.38 0.009 3.90–5.39
Flowers
 Pedicel 4 15.2 0.073 13.20–16.70
 Tepal 4 3.80 0.039 3.28–4.97
 Anther 4 3.48 0.044 2.54–4.64
Measurements include total number of fruits and flowers, as well 
as average, standard error, and range of fruits and flower parts 
(pedicel, tepal, and anther).
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example, H. stipulacea populations in the Mediterranean 
are ephemeral, with meadows shrinking in winter, and 
expanding in summer (Proccaccini, pers comm). In con-
trast, populations of H. stipulacea in the Caribbean sea-
grass are spreading rapidly, having expanded more than 
700 km in 15 years (Willette and Ambrose 2012, Willette 
et al. 2014, Ruiz et al. 2017); seed dispersal in Caribbean 
could contribute to the fast rate of spread in this region. 
In addition to aiding dispersal, sexual reproduction 
could be facilitating spread in the Caribbean because 
outcrossing results in novel genetic combinations on 
which natural selection can act, a process that may be 
more limited in the Mediterranean. These regional dif-
ferences in fruiting and flowering of H. stipulacea across 
its invasive range highlight the opportunistic nature of 
this invasive species, and could contribute to its ability 
to successfully invade new habitat. However, other envi-
ronmental conditions such as high nutrient levels that 
promote dense growth of H. stipulacea in the Caribbean 
(Van Tussenbroek et al. 2016) could also facilitate rapid 
growth in this region.
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